INTRODUCTION
Lots of available evidence indicate that consumption of foods with high dietary fiber (DF) has a broad range of potential health applications, 1 including in the treatment of colonic disorders, 2, 3 reduction in the prevalence of important risk factors for cardiovascular diseases, [4] [5] [6] such as hypertension, 7,8 obesity 9, 10 and type 2 diabetes, 11 and reduction in the prevalence of colon cancer 12 and other cancers. [13] [14] [15] Mainly because of the important physiological properties of DF, daily consumption of DF has been recommended in China since 2000. The recommended total DF intake adequate for adults is 30.2 g/10.04 MJ, and DF density is 12.6 g/4.184 MJ according to the Chinese DRIs published in 2000.
Although China's traditional food consumption patterns included plenty of cereals and vegetables, the average daily total DF intake was only 18.7 g according to the result of the National Nutrition and Health survey in 2002. 16 Moreover, recent studies have noted that the trends in food consumption patterns in the Chinese have changed markedly in the past decade. The increases in the consumption of vegetable oils and animal-source foods have been rapid and appear to be continuing, whereas the consumption of cereals and legumes has declined. 17 One study indicated that DF consumption among Chinese adults aged 18-45 years decreased from 1989 to 2006. 18 Less is known about the trends and patterns of DF intake in Chinese adults aged 45 years and above in the past decade.
The aim of this study was to analyze the time trends in total DF intake, total DF intake per 1000 kcal (DF density) and the DF food sources in Chinese adults aged 45 years and older in the past 20 years, so that consumption of vegetables and fruits can be increased to ensure adequate DF consumption.
SUBJECTS AND METHODS

Study population
We used the data from the China Health and Nutrition Survey (CHNS), which is a prospective household-based study that includes individuals of multiple ages across nine rounds of surveys between 1989 and 2011 across nine diverse provinces. A multistage, stratified, sampling design was used to ensure that CHNS provided a fair representation of urban and rural areas. 19 Our sample included eight rounds of survey data, collected in 1991, 1993, 1997, 2000, 2004, 2006, 2009 and 2011 . In each round, adults aged 45 years and above, who had data collected regarding dietary intake, were considered eligible. We excluded participants whose energy intake was >20.92 MJ/day or o2.09 MJ/day. Survey data collected in 1989 were not included in this study because the sample in 1989 included only adults who were 20-45 years old.
Dietary data
Three days worth of detailed household food intake information was collected. Household food intake was determined on a daily basis by calculating the changes in food inventory. All foods and condiments in home inventory, purchased from markets, picked from gardens and food waste were carefully recorded and measured at the start and end of each survey. In addition, individual dietary intake for three consecutive days was collected for every household member. Food items consumed at restaurants, canteens and other locations away from home were systematically recorded. Using food models and pictures, trained field interviewers recorded the amounts of all foods consumed during 24 h of the previous day. This dietary survey method was continued with the initiation of the CHNS in 1989.
Calculation of water-insoluble DF and the total DF The amount of water-insoluble DF for each food was available from the Chinese Food Composition Table (FCT), which was measured using the neutral detergent method (FIBND). Individual daily intake value for each food item was provided by the dietary data. Per capita daily waterinsoluble DF was calculated by combining both of these.
Per capita daily total DF was calculated according to the convert index, which indicates the ratio between total DF and water-insoluble DF for each food group. The convert index for cereals, tubers, legumes, vegetables, fruits and other food groups was 1.35, 1.74, 1.68, 1.77, 1.46 and 1.61, respectively. 16 Urbanicity is a complex index that was calculated at the community level using a 12-component continuous scale, including population density, economic activity, traditional markets, modern markets, transportation infrastructure, sanitation, communications, housing, education, diversity, health infrastructure and social services. 20 
Statistics
Descriptive analyses are described below each set of results. All tables and figures are age adjusted to the 1990 census to allow us to compare DF intake over time for the same age distribution.
RESULTS
The sample size and basic demographics of this study are shown in Table 1. DF intake, DF density and DF food sources by gender Water-insoluble DF intake showed a slow decreasing trend from 1991 to 2000 in both males and females (Table 2 ). This decreasing trend mainly depended on the decrease in intake of cereals. Water-insoluble DF intake improved slightly after 2000 and remained at a stable level, 12.2 g/day in males and 11.1 g/day in females, from 2004 to 2011. The increasing trend mainly depended on the increase in intake of vegetables, fruits and fast foods.
Using the convert index, total DF consumed was calculated on the basis of each food group's water-insoluble DF intake. The mean daily total DF intake among adults aged 45 years and above remained at a stable level, about 19.0 g/day in males and 17.5 g/day in females. That the convert index of vegetables and fruits is greater than that of cereals is the main reason for the total DF intake level to remain the same when the water-insoluble DF intake slowly decreases.
As the energy intake slightly decreased, from 2500 to 2200 kcal/ day in males and from 2100 to 1900 kcal/day in females, DF density increased from 2004 to 2011. The highest DF density level was noted in 2011, when DF density was 9.0 g/1000 kcal in males and 9.5 g/1000 kcal in females.
In males, the major food sources of water-insoluble DF were cereals, vegetables, beans and other foods, which accounted for 52.3%, 28.1%, 10.2% and 5.4%, respectively, in 1991. After more than 10 years, with the change in dietary pattern, water-insoluble DF sources from cereals and beans decreased, whereas sources from vegetables and fruits increased. In 2011, the major food sources of water-insoluble DF were vegetables, cereals, beans and fruits, which accounted for 38.3%, 36.1%, 6.6% and 5.7%, respectively. The same changes took place in females, but vegetables became the most important food source of waterinsoluble DF in 2009. DF intake, DF density and DF food sources by urbanization In low-urbanization communities total DF intake decreased by 2.9 g, whereas it increased by 3.1 g in high-urbanization communities, so that both total DF intake and DF density in high-urbanization communities were the highest in 2011 (Figure 1) .
In 1991, the major food sources of water-insoluble DF were the same among the three levels of urbanization communities. However, in high-urbanization communities, the water-insoluble DF from vegetables and fruits increased so fast that vegetables became the first source and fruits became the third source of water-insoluble DF in 2011 (Figure 2 ).
DISCUSSION
The recommended total DF intake adequate for adults was 30.2 g/ 10.04 MJ and DF density was 12.6 g/4.184 MJ according to the Chinese DRIs published in 2000. The results of the National Nutrition and Health Survey in 2002 indicated that the total DF intake accounted for 61.9% of the AI and only 10.8% reached the AI level. Total and water-insoluble DF intake per reference man per day was 18.7 g and 12 g, respectively. The water-insoluble DF intake was decreased compared with the results of the national nutrition survey in 1991. 16 Although there were some reports focusing on the trends in dietary pattern, less is known about the The findings of our study illustrate that the average total DF intake in Chinese adults aged 45 years and above remained at a stable level, about 19.0 g/day in males and 17.5 g/day in females. However, DF density showed an increasing trend from 2004 to 2011 because energy intake decreased slightly. DF density was 9.0 g/1000 kcal and 9.5 g/1000 kcal in males and females, respectively, in 2011. More public health messages should be disseminated so as to increase daily DF intake close to the recommended DF intake. Total DF intake and DF density for middle-aged and old-aged persons who lived in high-urbanization communities showed increasing trends, whereas the lowurbanization communities showed the reverse. That vegetables and fruits provided more DF make-up whereas cereals provided less DF was the main reason for the increasing trends of total DF intake in high-urbanization communities. There are some possible explanations for the different trends in communities with different urbanization levels. First, people who lived in high-urbanization communities had a higher education level than those who lived in low-urbanization communities. Second, high-urbanization communities provided more opportunity to obtain nutritional information. Third, labor intensity decreased so fast in middleaged and older persons who lived in low-urbanization communities that the cereal intake reduced significantly.
In toward the recommended AI for total DF. 21 In Europe, some countries estimated national values for total DF intake. For example, daily DF intake was 14-16 g/day in males and 18-19 g/day in females in the United Kingdom, 22 and 16 g/day in France. 23 In Asia, total DF intake has been found to be in the range of 15-20 g/day in the 1980s and 1990s in Japanese individuals. 24 Compared with these reports, total DF intake among Chinese adults aged 45 years and above was higher than that of Western countries.
Although a stable total DF intake was observed among Chinese adults aged 45 years and above in the present study, it is difficult to predict future trends in total DF intake for the middle-and old-aged population. On the one hand, the significantly lower DF intake in the younger generation may be due to the marked changes in dietary pattern. 18 On the other hand, gradual increase in the level of urbanization has led to improvement in the dietary fiber intake of middle-and old-aged people.
One limitation of this study is that the total DF was calculated according to the water-insoluble DF for each food item, which was measured by FIBND, and the convert index between total DF and water-insoluble DF for each food group. Another limitation is that the consumption of DF from supplements was not considered in the calculation.
